The output beam from free -electron lasers tends to be a thin, pencil -like beam because of the nature of the gain volume.
Introduction
The gain medium for free -electron lasers is usually a volume that is close to an onaxis region that is thin and pencil like. This results in a cavity length that is many meters long to avoid damage to optical elements in the cavity, even if state -of-the -art mirrors are used.
In addition to the length of the cavity, attendant problems of alignment sensitivity, thermal and mechanical stability of the cavity make cavities of such lengths difficult to operate.
Near normal incidence reflectors and refractors have to be ruled out on the basis of mirror damage considerations alone.
Because of these difficulties, we looked into the use of cavities with all reflecting elements. In addition, the use of grazing incidence optics would help a lot in solving the damage problems to the optical elements. Grazing incidence optics have been successfully used in x -ray and EUV astronomy1-3 for imaging applications. P. B. Mumola and D. C. Jordan"' have proposed the use of such optics to focus the beams in lasers used in fusion.
They have shown that the use of grazing incidence optics to avoid damage to optical elements has several advantages.
Specifically, the Fresnel equations indicate that metal mirrors used at high angles of incidence result in reduced absorption of properly polarized light, resulting in a commensurate improvement in damage resistance. Also, for a given mirror figure error, lower transmission losses and improved wavefront quality result. We have extended this approach to study the design of resonators for the free -electron laser.
Optical designs for various candidate resonators for the free -electron laser
The major requirements for the resonator cavity for free -electron lasers include, among other criteria, the following requirements: 1) use of elements that can withstand damage to elements, 2) optical elements that can be successfully manufactured within the framework of current technology, 3) an output beam which is sufficiently large ( -25 cm diameter) so that conventional optical elements can be used at the output of the resonator, and 4) a nearly diffraction limited output (<A /10 peak to valley in terms of wavefront quality).
The various candidate systems designed to meet these requirements are shown in The typical optical element combinations are:
1) hyperboloid-paraboloid, 2) hyperbola -parabola, and 3) cylinder -cylinder. Table 1 gives details of the constructional parameters for the systems. Table 2 gives details of tolerances typical of these systems when used as resonators. We are showing only one half of the cavity in Figure 1 . The other half of the cavity is identical to the half shown in Figure 1 and Table 1. The cylinder-cylinder has potentially the highest aberration and the hyperbola -parabola is a difficult fabrication problem.
These two cases are also not rotationally symmetric. However, the hyperboloid-paraboloid case is aberration free at any F number and has the advantages of a rotationally symmetric system. We chose this system for further refinements in design and an optimized low expansion glass version of this design is being manufactured by the Perkin -Elmer Corporation at the present time.óó'
The two papers referred to in References 6 and 7 are being presented at this conference also.
We give details on the design as well as the manufacture of this system. Table 3 gives details of the hyperboloid-paraboloid resonator system with a half cavity length of 23.4 meters on which the system currently being manufactured is based.
The work described in this The output beam from free-electron lasers tends to be a thin, pencil-like beam because of the nature of the gain volume.
For moderate power devices, mirror damage considerations imply that the beam has to travel many meters before it can expand enough to allow retro-reflection from state-of-the-art mirrors.
However, use of grazing incidence optics can resolve the problem of damage to the optical elements and result in a cavity of reasonable dimensions.
The optical design considerations for such resonators are addressed in this paper.
A few of the practical resonator designs approaching diffraction limited performance are presented.
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The work described in this paper was done using ACCOS V.7 As most of the analysis done using ACCOS V was based heavily on geometric considerations, further refinements are needed to account for the physical optics problems that have to be addressed in the final resonator design. This is also pointed out in the papers referred to in Reference 7.
We limited our search to solutions which can be used as either a near concentric resonator or a ring resonator. Figure 2 shows the schematic of a near concentric resonator. All the designs have been basically derived from the Wolter5 configurations, and modified for the purpose of making them functional as resonator cavities.
Our idea was to extend the Wolter concept to cases where the grazing incidence optics results in a magnifier with a large ( -25 cm diameter) beam as the output beam which is collimated (for the ring resonator) or nearly collimated (for the near concentric resonator).
Summary and conclusion
The use of grazing incidence optics (for the first element of the resonator) for free electron laser resonators appears to be a good solution to a difficult problem.
The basic hyperboloid-paraboloid solution has been optimized, and is currently being manufactured by the Perkin -Elmer Corporation. ' We hope to set up the cavity design described in the those papers? at Los Alamos and study the properties of such a resonator.
We believe that this is the first time a resonator cavity with grazing incidence optics has been tried.
The results should prove interesting and provide good insights for the validity of current resonator analysis programs and help us understand the grazing incidence resonator properties.
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